In this paper, a comparative economic analysis is conducted on the two kinds of acid gas treatment process, i.e. Claus sulfur recovery (CSR) and acid gas injection (AGI). The largest acid gas field in China, Puguang gas field, is used as a study case for the proposed methodology. The detailed cost of the sulfur recovery process by traditional Claus unit is compared with the one of acid gas re-injection process. On the basis of the designed process, investment scale of the two different options for acid gas process is thoroughly investigated from the following three aspects, i.e. fixed assets investment, annual operating costs including labor costs, maintenance costs, accessories consumption, etc., and energy costs including water-consuming, fuel gas, and electricity. The preliminary result shows that the investment of acid gas injection process is generally about 60% of the Claus desulfurization process, and it may show a certain fluctuation with consideration of labor costs, energy prices, project scale and other factors in Puguang gas field in China.
Introduction
Natural gas plays an important role in China's energy structure, and marine origin oil and gas is one of the strategic focuses of oil and gas development in the new century in China. In addition to the developing Puguang gas field, marine origin natural gas reserves which were found continue to rise, such as Yuanba gas fields in Sichuan Basin found in September 2011. China's marine origin oil and gas exploration has entered a period of rapid development [1] .
Most of marine origin gas fields are highly acid gas fields. Comparing with traditional continental gas fields the sour gas processing pressure of acid gas fields highlights much more. The Claus process is the most significant gas desulfurizing process, recovering elemental sulfur from gaseous hydrogen sulfide. Commonly used by Claus desulfurization unit, the acid gas can be produced from the sweetening process by a series of chemical reactions in the Claus unit with recovering sulfur [2] . However, there is a large investment of the Claus unit, and the applicability of the Claus unit is suitable for acid gas fields with the relative high content of sulphur. In China, stringent environmental protection lays out the emission limits of sulphur. All aforementioned factors combined with price fluctuations of the sulfur market, increase the pressure of industrial treatment of acid gas. Acid gas injection technology has been successfully conducted in Canada and other countries for many years. The technical feasibility of acid gas injection has been demonstrated in particular in Canada [3] [4] [5] , though the overall efficiency of such a technology may be project specific. In China, there is not an oil/gas project using acid gas injection technology yet [6, 7] .
In this paper, a comparative economic analysis is conducted on the two kinds of acid gas treatment process ( Fig. 1 ), i.e. Claus sulfur recovery (CSR) and acid gas injection (AGI). The largest acid gas field in China, Puguang gas field, is used as a study case for the proposed methodology. The detailed cost of the sulfur recovery process by traditional Claus unit is compared with the one of acid gas injection process. 
Comparative Analysis
In the section, an evaluation method is proposed to calculate the total cost of acid gas injection and Claus desulfurization ( Fig. 2 ). Through projecting this evaluation onto Puguang gas field, the economics of acid gas injection is investigated with comparison to sulfur recovery. With consideration of representative of Puguang gas field, the acid gas injection shows certain economic feasibility for the coming development of sour gas field in China if the sulphur market totally steps into depression period in the near future [4, 8] .
Puguang Sour Gas field
The Puguang sour gas field in northeastern Sichuan Basin is the largest gas discovery in the Paleozoic marine strata in China. It is the first large-scale gas field China has found in its marine strata, and it has become the China's second largest, with at least 9 trillion cubic feet of proven gas reserves. In particular, it is also a high sour gas field with volume fraction of H 2 S 14.5% and CO 2 8.8%.
Methodology
In order to accurate compare the economics of acid gas injection and sulfur recovery for Puguang sour gas field, some constraints are fixed in the research [2] . On the basis of the designed process, investment scale of the two different options for acid gas process ( Fig. 1 ), i.e. AGI and CSR, is thoroughly investigated from the following three aspects, i.e. fixed assets investment, annual operating costs including labor costs, maintenance costs, accessories consumption, etc., and energy costs including waterconsuming, fuel gas, and electricity.
For CSR option, the gas plant uses MDEA desulfurization, TEG dehydration, conventional two Claus sulfur recovery units, hydrogenation absorb exhaust technology. The total sour gas processing capacity is 120x10 8 m 3 /a. The fixed assets investment of CSR is 4546 million RMB (Chinese Yuan), and the annual operating cost is 287 million RMB. For AGI option, three different injection schemes are investigated for the economic analysis ( Table 1) . The basic conditions are listed as follows [1, 2] :
x Acid gas (volume content): H 2 S 62% and CO 2 37%;
x Processing capacity: 900x10 4 m 3 /d;
x Compression: four-stage compressor;
x Average reservoir depth: 2500 m;
x Average reservoir permeability: 4 mD;
x Temperature of reservoir: 70 o C;
x Formation pressure: 35 MPa. 
Results and Discussion
The fixed assets investment mainly includes injection wells, pipelines and compressors. The operating cost covers energy consumption, labor and material costs. The total costs are calculated for three different AGI schemes, listed in Table 2 .
The cost of injection well is strong associated with injection pressure, injection rate, diameter and other parameters, but it has little relative effect in terms of the total costs. The domestic cost of single well into the depth of 2500m is about 20 million RMB.
The pipeline cost includes materials and construction costs. The length of pipelines depends on the actual distance between the gas source and injection wells. For the standard AGI scheme, it takes 20 km. The lower bound of the length of pipelines takes 10 km, and the upper bound 50 km.
The working efficiency of compressors is taken as 50%. The calculation method of compressor power and price is conducted in this research recommended by John J. Carroll, GLE, Canada. With reference to Abu Dhabi AGI project, the scale of sour gas is 10 7 m 3 /d, and 4-stage compression is adopted to reach 12.5 MPa with the compressor power of 25 MW. Each compressor spends 50 million CAD$. Therefore, with consideration of the operating flexibility, calculation error, market change, and other factors, the price range of each compressor evaluated in this study is 300-500 million RMB.
Energy consumption includes the compressor and the pressure pump of the injection well. The local price of natural gas of Sichuan is 2.35 RMB/m 3 for industrial use (Sichuan NDRC Price (2011) 745). If annual running time of the device is 8000 h, the required cost is about 176 million RMB. If 10 hours a day, i.e. an annual run 3500 h, the cost is 77 million RMB.
Labor cost of acid gas injection is less than one of Claus sulfur recovery. Lower bound of AGI's is about half of CSR's. One of the reasons is AGI operation needs few front-line workers relative to the CSR process. Therefore, labor costs take the interval 15-30 million RMB per year.
Due to most of the water is able to be dehydrated during the acid gas through the compressor, whether the dehydration device is necessary or not in accordance with the actual situation. In this research, without dehydration, the material cost is zero. If dehydration needed, industrial methanol costs about 28 million RMB per year. Fig. 3 shows the economic comparison of three different AGI schemes and Claus sulfur recovery (CSR). It can be clearly found that the economic cost of acid gas injection is much lower than the one of Claus sulfur recovery. A conservative estimate of the economic cost of the acid gas injection is only about 60% of the sulfur recovery process. 
Conclusions
The quantitative results show that the investment of acid gas re-injection process is generally about 60% of the Claus desulfurization process without consideration of AGI technology subsidies and sulfur product revenue, and it may be show a certain fluctuation with consideration of labor costs, energy prices, project scale and other factors in Puguang or other sour gas field in China.
Detailed economic comparison analysis is very crucial to the technology selection of different acid gas processing schemes. Combined with the technical feasibility, environmental impact, risk assessment and other factors, it may provide some bases for large-scale development of China's marine origin acid gas fields with matured processing technologies. It is also useful for policymakers and the realization of the first large-scale acid gas injection project in China.
